The use of Mathematical models for manpower planning has increased in recent times for better manpower planning quantitatively. In respect of organizational management, numerous previous studies have applied Markov chain models in describing title or level promotions, demotions, recruitments, withdrawals, or changes of different career development paths to confirm the actual manpower needs of an organization or predict the future manpower needs. The movements of staff called transitions are usually the consequences of promotions, transfer between segments or wastage and recruitment into the system. The objective of the study is to determine the proportions of staff recruited, promoted and withdrawn from the various grades and to forecast the academic staff structure of the university in the next five years. In this paper, we studied the academic staff structure of university of Uyo, Nigeria using Markov chain models. The results showed that there is a steady increase in the number of Graduate Assistants, Senior Lecturer and Associate professors, while, there is a steady decrease in the number of Assistant Lecturer, Lecturer II, Lecturer I, and Professor in the next five years. The model so developed can only be applied when there is no control on recruitment but the research can be extended to include control on recruitment. The model can also be applied in school enrollment projection. ©JASEM https://dx.doi.org/10.4314/jasem.v21i3.17
A Markov chain (Discrete Time Markov Chain, DTMC), named after a Russian Mathematician, Andrey Markov in 1907, is a random process that undergoes transition from one state to another on a state space. Markov process is a synthesis of movements between states to describe the relocations of members of the transfer probability matrix to different states, on the basis of the mobility trend of historical data, Meng-Chuan et al, (2014) . In the respect of organizational management, numerous previous studies have applied the Markov chain in describing title or level promotions, demotions, or changes of different career development paths to confirm the actual manpower needs of an organization or predict the future manpower needs. Optimization of manpower and forecasting manpower needs in modern conglomerates are essential part of the future strategic planning and a very important different nature of business imperatives, (Adisak, 2015) . The Markov chain model allows us to answer questions from policy makers. For example, it allows easy computation of various statistics at both individual and aggregate levels. At the individual level, it can be used to describe the probabilistic progression for a staff at a given career stage. At aggregate level, it can be used to derive information on overall continuation rates and separation behavior which are critical inputs in developing retention programs. Markov chain model has been widely used in different fields including Education to study students' enrolment projection both in secondary schools and tertiary institutions. Education system is comparable to a hierarchal organization in which after an academic session, three possibilities arise in the new status of the students; the students may move to the next higher class, may repeat the same class, or leave the system successfully as graduates or drop out of the system before attaining the maximum qualification (Nyandwaki and Kennedy, 2016) . Modeling the manpower management mainly concerns the prediction of future behavior of employees, (Rachid and Mohamed, 2013) . Trend researchers used Markov chain model associated or integrated to describe the change of the process in light of its historical evolutions, (Bartholomew, 1991) .
Markov chain is one of the techniques used in operations research with possibilities view that managers in organizational decision making bodies use, Hamedet at, (2013) . Manpower planning is the process by which the management determines how an 558 EZUGWU, VO; OLOGUN, S organization should move from its current manpower position to its desired manpower position. Through planning, management strives to have the right number and right kinds of people, at the right places at the right time, doing things which result in both the organization and individual receiving maximum long-run benefits. Collings and Wood (2009) defined manpower planning as the range of philosophies, tools and techniques that any organization should deploy to monitor and manage the movement of staff both in terms of numbers and profiles. These movements of staff called transitions are usually the consequences of promotions, transfer between segments or wastage and recruitment into the system. The approach to manpower policy in most Nigerian universities appears to be guided by the traditional method of putting the right number of people in the right place at the right time or arranging the suitable number of people to be allocated to various jobs usually in a hierarchal structure, (Igboanugo and Onifade, 2011) . Manpower planning involves two stages. The first stage is concerned with the detailed planning of manpower requirements for all types and levels of employees throughout the planning period and the second stage is concerned with the planning of manpower supplies to provide the organization with the right types of people from all sources to meet the planning requirements. An adage says, he who fails to plan, plans to fail. The planning process is one of the most crucial, complex and continuing managerial functions which embraces organizational development, managerial development, career planning and succession planning. The process of manpower planning may rightly be regarded as a multi-step process including various issues such as ; Deciding goals or objectives, Auditing of internal resources, Formulation of recruitment plan, Estimating future organizational structure and manpower requirements and developing a human resource plan. Effective manpower planning is very crucial which organizations, like large companies, academic system, federal and state administration must carryout, since human resources are considered as the most crucial, volatile and potentially unpredicted resource which an organization utilizes. The prediction of manpower is subject to how current supply of employees will change internally. These changes are observed by analyzing what happened in the past, in terms of staff retention or movement, extrapolating into the future to see what happens with the same trend of the past.
Markov chain is a useful tool in prediction and has been used extensively in many areas of human endeavors. Rachid and Mohamed (2013) presented a predictive model of numbers of employees in a hierarchal dependent-time system of human resources, incorporating subsystems that each contains grades of the same family. The proposed model was motivated by the reality of staff development which confirms that the path evolution of each employee is usually in its family of grades. Kwon et at, (2006) used Marko chain model and job coefficient to investigate the difference of manpower status between US and Korean nuclear industry and to predict the future manpower requirements in Korea. The workforce planning, on the basis of established process, requires a good knowledge of those deployed in the establishment, as well as entry, dropout ant promotion of employees in order to reach a future plan fit and desired administration in determining the future policies of the workforce system, Touama, (2015) applied Markovian models and transition probability matrix to analyze the movement of the workforce in Jordan productivity companies. To achieve his aim, he collected secondary data related to workforce movement selected from annual reports of Jordanian productivity companies (potash, phosphate and pharmaceutical) for year 2004. The purpose of manpower planning is to get a better matching between manpower requirements and manpower availability. Parma et al, (2013) considered an optimization model for manpower system where vacancies are filled up by promotion and recruitment in automation system engineering private limited. They proposed a method for the determination of transition probability of promotion and recruitment vector by using Markovian theory with certain assumptions. The approach to manpower planning in Nigerian universities are guided by the traditional method of putting the right number of people in the right place at the right time or arranging a suitable number of people to be allocated to various jobs usually in a hierarchal structure. However, this method is difficult in that it does not offer computational tools that will enable administrators to determine possible line of action to be taken nor provides tools to generate alternative policies and strategies. Rahela, (2015) analyzed manpower data of higher learning institution using Markov chain. His objective was to design a planning model for projecting university faculty employment under alternative policies suggested by the government. Wan-yin and Shou, (2015) focused on the improved gray Markov model in human resource internal supply forecasting, so that enterprises can reasonably predict their internal human resource supply through Markov model and provide important guarantee for enterprises to develop human resources strategic planning. Ekhosuehi, (2013) examined the passage of staff in a faculty using one state absorbing Markov chain. He considered two cases involving regardless of staff leaving intension and staff unwillingness to leave. Babu and Rao, (2013) carried out studies on two graded manpower model with bulk recruitment in both grades. They assumed that the organization is having two grades and recruitment is done in both grades in bulk. Osagiede and Ekhosuehi, (2006) presented the use of Markovian model to project the future enrolment of students in a university where they removed the assumption of certain constant values in the rate of new intake by some previous authors and provided a better method for calculating the constant value of increment in the new intake. The objective of this study is to determine the proportions of staff recruited, promoted and withdrawn from the various grades and to forecast the academic staff structure of the university in the next five years.
MATERIALS AND METHODS

Description of Study Area:
In this paper, the academic staff manpower system of university of Uyo is modeled using Markov chain predictive model. The objective of the study is to determine the proportion of staff promoted, withdrawn, and recruited into the various grades, and to predict the manpower structure of the University of Uyo for several years to come if the policy of recruitment and promotion remain unchanged. In the university, vacancies are filled by promotion from the serving staff or by recruitment from outside the system. Promotion is done every year and each staff is promoted every three years after meeting the requirements for promotion, otherwise, no promotion for that particular staff. In the university, we have categories of academic staff. They are; Graduate Assistant (GA), Assistant Lecturer (AL), Lecture II (LII), Lecturer I (LI), Senior Lecturer (SL), Associate Professor (AP), Professor (P). These grades form the states of the system. These states are mutually exclusive and collectively exhaustive. 
ASSUMPTIONS OF THE MODEL
These are the assumptions of the model; 1. There are seven grades of academic staff in the system 2. Promotion is done every year and every staff is promoted every three years after obtaining the required number of publications, otherwise there is no promotion for that particular staff.
3. There is no double promotion and no demotion, ie ( ) 6. The transition probability matrix (TPM) is stationary overtime. The transition probability matrix is gives as 1 2 . . This means that P is a sub-matrix.
ESTIMATION OF TRANSITION PROBABILITY MATRIX Let
( ) t nij be the flow level from grade i to j during the t th period. Then, the distribution is multinomial with probabilities ( )
= ∀ (Uche and Ezepue, 1991) . The distribution is given as DATA; the tables below are the data for academic staff flow based on recruitment, promotion and wastage for each session under study. Using the transition probability matrix P , the wastage probability p i 0 and the recruitment probability p j 0 the matrix Q is obtained as 
( ) t n
The results indicate that grade 7 (professor) has the highest wastage probability. This could be attributed to their age and closeness to retirement, while grades 2 and 3 (Assistant Lecturer and Lecturer II) have the highest recruitment probability.
In matrix Q , the entries in columns 6 1− of each transition matrix arise from replacement matrix and recruitment policy of the university as new entrants are recruited into all the grades. That is, in the columns, the entry is the probability that a staff, either repeated grade i , is promoted from grade i to j or the staff is recruited into j to replace the leavers in grade i . The zero entries indicate that there is no transition between the corresponding years of promotion. The major diagonal elements (repetition probabilities) of matrices P and Q are relatively large, while, the upper off-diagonal elements (promotion probabilities) are relatively small. This means that on average, an insignificant number of staff in each grade is being promoted every year. The reason could be that most of the academic staff are not actively involved in research to meet with the conditions for promotion or the management of the university is not much interested in promotion of staff and this condition will not augur well with the staff in particular and the system in general.
